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@ Method and apparatus for division. 

method and apparatus for the arithmetic division 
peration is disclosed In which a set of multiples of the 
divisor are stored in an associative memory in addresses 
which match the respecthre multiples. The most significant 
byte of the numerator Is then compared to the contents of 
each associative entry. A fiag is generated signifying that the 
corresp nding entry is less than or equal to the most 
significant byte of the numerator. After the flags have been 
generated, the address of the last flag which is on. Is 
selected. This provides a trial "digit out," which is used to 
address the true table of multiples and select e value which is 
subtracted from the left-digit-shifted numerator (or interme- 
diet result). If no underflow condition results, the trial "digit 
ut" is valid and should be stored and the next Iteration 
started. For an underflow condition, the "digit out" is 
decremented and stored, the XI multiple is added to the 
num rator and the next Iteration is carried ut If the fiag 
indicating X8 is n or at a value of 1, an )C8 latch is set and a 
second pass is carried out with the X8 latch output 
becoming part of the "digit out" 
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METHOD AND APPARATUS FOR DIVISION 

(1) Field of the Invention 

This invention relates to arithmetic functions carried 
out by digital processors, and particularly to an im- 
proved method of and means for carrying out the arith- 
metic division fonbtion* More particularly, the inven- 
tion relates to a method of and means for providing 
aritlimetic division using an associative memory to pro- 
vide multi-bit operations, particularly one hexadecimal 
digit (four bits) at a time; or one decimal digit in 
EBCD fontii 

(2) Description of the Prior Art 

Multi-bit dividing arrangements are known in the prior 
art > as shown, for example, in U. S. Patent 3 684 87 9. 
However, it is not appiarent that arrangements for di- 
viding hexadecimal digits by halves either cpuld or 
should be providied. Moreover, none of the prior art 
discloses the use of an associative memory in an arith- 
metic division systiem, nor do they extend the concept 
to decimal digits. 

Summary of the Invention 

The present invention provides a method of and means 
for carrying out the arithmetic function in which * 
division of two arbitrarily long operations is carried 
out one hexadecimal digit (four bits) or an EBCD deci- 
mal digit at one time. The basic difficulty in perfor- 
ming a "digit" divide is that it is exactly the problem 
to find the correct digit by which to multiply the de- 
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nominator so that the digit multiplied by the denomi- 
nator is less than or equal to the numerator or inter- 
mediate result. 

5 To provide the desired r^sult^s^. ,an improved, method 
comprises the .fol3.owing steps ;. j5p^ierate a table, of 
multiples of ^e denp^^ina^toar^^ fjfsing integer values of 
multiples, i.e. , . X^^^^ X2, . .. S;tpr(B these tabular values 
in a storage or memory suQh^ riead/ 

10 write arra:y. Jstore t^e mo^^^^ byte of this 

table in an associc^tiye a,rray or cpntent addre 
mCTttoiry. The next step inyolye^ comparijig most 
significant b^yte of the numerator (or intermediate 
result) with the contents of each associative memory 

15 entry. A flag will be geneirated. for each comparison 
signifying that the corresponding entry is less than 
or equal to the most signi.^iQajit^^^ b the ntimerator. 

A "digit out" value is then sheeted on, the basis, of 
the highest value multiple indic^te^^ ,the la^st flag 

20 set on. The next step inyplyes t^^ , siibtractipn, of the - 
multiple thus selected from the iiumeratpr or interme- 
diate result. Th^ next step is to determdjie ,wh^^ or 
not an underflow exists. If npiie, the, next step i^ to 
store the digit but and proceed to jthe next iteration. 

25 If an underflow exists, the digit out is decremented 
by 1 and stored, and the XI multiple is ^dded to the 
numerator or intermediate result before proceeding to 
the next iteration. 

, 30 For division by digits 9 liirpugh ,P , (hexade^ or 6 

through 9 (decimal), two different approaches axe pos- 
sible. First, the table of multiples can be expanded to 
include X9 through XF, (or X6 . 1J«:ough X9 for decimal), 
with an accompanying expansipn of the, associative me- 
35 mory. This is expensive in terms of hardware and time, 
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since the extra multiples must be generated and loaded. 
The second, and better approach is to provide only the 
table and array space for entries XI through X8, (XI 
through X5 for decimal) , and to provide controls such 
that the circuitry^ "upon encountering the situation 
where the nvunerator or intermediate result digit is 
greater than tlie X 8 entry, (X5 for decimal), will force 
two passes to be niade on the same nxamerator or inter- 
mediate result. For example, for hexadecimal, if the 
first pass results in a digit 8, and the second pass 
results in a di^it 3, the resuitihg digit out is equal 
to 8 plus 3 or ir (B in hexadecimal notation)*. 



The apparatus for providing this novel division com- 
prises a read/write array for containing the table of 
multiples, which is connected to one input of an arith- 
metic/logical unit (AIiU) . Another input of the ALU, via 
a left-shifter, is from a register holding the numera- 
tor or intermediate result • The output of the ALU is 
supplied to an associative memory, as well as the value 
of the most significant bytes, to select the output of 
the associative memory. The address of the related flag 
is supplied from the associative memory to the read/ 
write array to select the appropriate multiple. The X8 
flag is connected to the output, as appropriate, as 
well as the flag value, to indicate the digit out. 

Description of the Drawings 

Fig. 1 is a. tabulation of the entries in an asso- 
ciative array employed in a preferred em- 
bodiment of the invention; 

Fig. 2 is a diagrammatic illustration of a decision 
matrix for the invention; and 
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Fig. 3 is a schematic block diagram of the cir- 
cuitry involved in a preferred embodiment 
of apparatvis for carrying out the invention. 

Description of the Preferred Embodiments 

The method of i carrying out tl^e.^ division of two hexa- 
-decimal numbers or twp^rdepijnal.nup^ in accordance 
with the inyjention involves the ^following steps: 

(1) Create a table of multiple^ and 
store -^lis. taJDl^e^ storage. Such a 
table storage is shown in Fig. 3. 

(2) Store the most significant byte of each table 
entry in a content-addressable or associative 
mejnory. 

(3) Compare the most significant byte of the nisaerator 
(or intermediate result) with the contents of each 
entry in the associative memory. 

(4) Generate a flag for an entry which is less than 
or equal to the most significant byte of the num- 
erator or intermediate result. See Fig. 1. 

(5) Select the address of the last flag which is on, 
this provides the value of the digit out. 

(6) Use this <iigit to address the table of multiples 
and read out the selected value. 

(7) Subtract this value from the numerator or inter- 
mediate result. 
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(8) If there is no underflow and the digit selected 
is X8, (X5 for decimal), then a second pass is 
forced. That is, processing goes back to step (3) 
to continue with the same digit, only 8 will be 
added to the digit value before it is stored as 
the low-order digit of the quotient, (5 will be 
added for decimal) • 

(9) If there is no underflow and the digit selected 
is not X8, (X5 for daGimal) , the digit is valid 
and is stored as tiia low-order digit of the 
quotient. 

(10) If there is an underflow, decrement the digit by 
1 and store its decremented value. Fig. 2 shows 
the possible conditions for underflow or no under- 
flow. Add the XI multiple to the numerator or in- 
termediate result. 

(11) Left shift the numerator or intermediate result 
one digit position. 

(12) Proceed with the next iteration, starting at 
step (3) . 

A hexadecimal example of this method follows. 
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Nuinerat:or is 0.36B90C Denominator is 0.12EE14 

Multiple Digit TeJale of Mult i ples Associative Array 



XI 


0012EE14 


Pl 


X2 


0025DC28: , 


02 


X3 


0038CA39i 


03 


X4 


004BB850 


04 


X5 


(M)5EA664 


05 


X6 


00719478 


06 


X7 


0084828C 


0*7 


X8 


009770A0 


08 



The underscored byte in lihe table is the one which is 
loaded into the associative array. In the following 
example the byte over which the bar appears is the most 
significant byte which is used for comparison in the 
associative array. The sequence of operations for 
example is tabulated on the following page. 
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I - X3 



+ XI 



0036B90C 
0038CA3C 

FFFDEEDO 
0012EE14 



Match on the X3 entry 



Underflow 



I - X8 

I 
I 

E I - X6 



4 I - X4 



0 I - XO 



I - X8 



1 - X4 



B I + XI 



I - X8 



8 I - XO 



010DCE40 
009770A0 

00765DA0 
0070.9478 

004C9280 
004BB850 

O0ODA3O0 
00000000 



OODA300P 
009770A0 



0042BF60 
064BB850 

FFF70710 
0012EE14 

009F5240 
009770AO 

0007E1A0 
00000000 



X8 flag is up -make 2 passes 
if no imderflow 

X6 flag -this pass 



X4 with no adjusibment 



Smaller than XI 



X8 flag is up - make 2 passes 
if no underflow 

X4 is closest on second pass 



Overshot, adjust result 



X8 flag again 



Second pass result .It* XI 



007E1A00 



Remainder 
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The final answer is 2E4 0B8. Microcoding may be utilized 
to calculate the position of the hexadecimal point to 
give 2.E4 0B8. 

Fig. 3 is a block diagram of division apparatus in 
accordance with a preferred embodiment of the inven- 
tion* The individual elements of the arrangement shown 
in Fig. 3 eire well known in the art cind hence only a 
•description of the combination will be made. 

The apparatus shown in Fig. 3 operates in two comple- 
tely different modes based on the bijiary state of con- 
trol line 13. vhien tixis s^ asstraies the logically 
active state, the apparatus operates in an 'initial- 
ization* mode. When the control signal is in the in- 
active state y the configuration operates in the "divi- 
sion loop* mode. The embodiment will be described in 
the context of each mode. 

During 'initialization' mode, address bus 15 supplies 
the table of multiples 11 and the associative memoiry 21 
with signals ajpprbpiriate for storing data into succes- 
sive locations. This^ may be accomplished with a simple 
incrementation device (a counter - not shown) . Address 
selection for the table of multiples 11 is under the 
control of the previously described line 13 which 
causes the propagation of address bxxs 15 through the 
multiplexer 17 . inverter 19 in conjunction with control 
line 13 inhibits interference from address bus 23. The 
aforementioned data axe generated dLn the ALU 3 (which 
must be capable of addition ajid subtraction in the 
chosen radix). The AI*U receives input data directly 
from register 7 (the left-shift device 5 is deselected 
in this mode - data are passed unmodified) ^ and indi- 
rectly from the table of multiples 11 through register 
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29. Data generated in the ALU are routed to the data 
inputs of associative memory 21 via data bus 25, and 
to the table of multiples 11 via data bus 25 and de- 
stination register 9. Iterative operation serves to 
construct the multiples table and the most significant 
byte shadow table.. This completes the description of 
the action of the embodiment in 'initialisation' mode. 

In 'division loop' mode, it is assumed that the device 
will have been initialised as described above. The num- 
erator (at the begimiing of tlie division loop) or the 
intermediate result" (during the division loop) is con- 
tained in register'?; In this mode, left shift device 
5 is active (ALU 3 receives daita from register 7 after 
having shifted left by one digit position - 4 bits in 
the case of hexadecimal) . The ALU 3 performs' subtrac- 
tion using as operands this shifted value from register 
7 and a value selected from the table of multiples 11. 
Register 29, referred to as the source register, serves 
as a teiaporary holding place for this selected value. 
The result of this subtraction provides several vital 
pieces of information. The first outcome is a new value 
for the intermediate result which is routed back to 
register 7 by way of data bus 25 and destination re- 
gister 9. ^ 

Secondly, a comparison byte (described previously) is 
selected froia the new intermediate result, and is 
loaded into register 27, also via data bus 25. Register 
27 feeds the inputs of associative memory 21 wherein a 
parallel comparison is made between the register 27 
contents and the previously loaded shadow table values. 
This comparison within memory 21 is reduced to an en- 
coding which represents the address of the entry in the 
table of multiples 11 which will be used in the next 
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subtraction iteration. The value of this encoding is 
routed to the table of multiples 11 via address bus 23 
and multiplexer 17. Recall that during the division 
loop, control line 13 is in the i inactive state. This 
disables any effect of address busclS; yet^ via in- 
verter 19, allows the propagationnof address bus 23 
through multiplexer 17. 

The third effect of the ALU operation is the creation 
of status inforxaation that will determine the sequen- 
cing of the djev^ice as shown iix ?:ig> ; 2. ^ This sequencing 
involves the developmejit of ^: control signal *41 which 
indicates, when active ^ thai:; -a second pass is required. 
It is determined by the coincidence of the conditions 
•X8 FLAG = 1' (provided by cpntrol line 39) and the 
inversion of the •UITOEBFLOWf signal 31. Boolean logic 
3:5 and 37 implements this cjomputation . The X8 FIAG is 
concurrently stored during a, first-pass operation in 
latch 43., Xt is tlu.s : latch which will be ^m^ with 
the remainder of the I computed digit at assembler 45 . 
The algoritlm provides not only for optional ; second- 
pass sequencing for digits greater than 8 , but also 
for the adjustment of the , interir^ediate resiilt ^ i^ the 
event of an underflow; thus the visibility of 'UNDER- 
FLOW* 33. Adjustment also requires modification of the 
output, digit before it is made available at bus 53. 
This is done by control logic 49 multiplexer 47, and 
control line 31 r ('UNDEKFLOW') . Decrementer 55 subtracts 
1 from the potential .putput digit; the selection of the 
correct digit is signaled by cpntrol output 51; when it 
is in the active state, - data bus. 53 is known to contain 
a valid output digit. 

Correct operation is obtained by iterating through the 
numerator or intermediate result, observing the seiquen- 
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cing status signals 33 and 41, and storing output 
digits from 53 as they are made available (as indi- 
cated by line 51) . 

It will be noted that much of the apparatus shown in 
Fig. 3 and described above can be utilized for other 
operations. For example, the arithmetic and logic unit 
can be used Jfor other, arithmetic operations such as 
addition and subtraction or various logical operations 
depending on the controls, which are not shown in order 
to clarify the, dravrings. The various registers also may 
be utilized in other types of data processing oper- 
ation. 

It will be apparent from the foregoing that the pre- 
sent invention contemplates a novel and efficient 
method of providing division for hexadecimal or deci- 
mal nixmbers, and provides a unique conibination of 
apparatus for carrying out the method as illustrated 
in Fig. 3,^ which arrangement does not require anything 
but conventional- circuit components , arranged in the 
novel combination shown and described. 

While we have illustrated and described the preferred 
embodiments of my invention, it is to be understood 
that we do not limit ourselves to the precise con- 
structions herein disclosed and the right is reserved 
to all changes and modifications coming within the 
scope of the invention as defined in the appended 
claims. 
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CLAIMS 

The method of performing division wherein a 
quotient digit value is obtained by finding the 
largest moiltiple of the denominator value that 
is less than or equal to - the numerator or inter- 
mediate result, comprising the steps of: - 

1. generating a table df mtiltiples for a plu- 
rality of denomiiia tor vaiues; 

2, storing the multiples generated by *said 
generating means? 

3 « storing the most significant byte of the nim- 
erator or intermediate result; 

4 . sequentially comparing the most significant 
byte of the numexator or intermediate result 
with each most significant byte in storage 
to find the selected entries where the most 
significcint byte is less than or equal to the 
most significant byte of the numerator or 
intermediate result, the addresses of the 
selected entries having distinctive flags 
associated with them; 

5. detecting tiie last flag set on; 

6. selectively addressing said table of mul- 
tiples for the corresponding multiple in 
accordance with the last flag; 

7. left-shifting the numerator or intermediate 
result; 
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subtracting the selected multiple from the 
said left-shifted numerator or intermediate 
result; 

detecting if an underflow condition results 
from said subtraction, then: 

9.1 adding the first entry from the table 
of multiples to the numerator or inter- 
mediate result; 

9.2 storing the result of said subtraction; 

9.3 decrementing by 1 the value of the last 
flag set on; 

9.4 and storing the Value of the last flag 
set on as the intermediate quotient 
value. 

detecting if no underflow condition results 
from said svibtraction and the last flag set 
on does riot correspond to the last entry in 
the table of multiples, thens 

lb. 1 storing the result of said subtraction; 

10.2 and storing the value of the last flag 
set on as the intermediate quotient 
value . 

detecting if no underflow condition results 
from said subtraction and the last flag set 
on corresponds to the last entry in the table 
of multiples, then: 
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11.1 setting a pass indicator to be used as 
part of the value of the last flag set 
on when the value of the last flag set 
on is stored as the intermediate quo- 
tient value; 

11.2 storing the result of said sxibtraction . 

The method as claimed in Claim 1 wherein the base 
or index is hexadecimal 

The method as claimed in Claim 1 wherein the base 
or index is binary coded decimal. 

The method as claimed in Claim 1 wherein the value 
of the flag is the value of the multiplier of the 
stored multiples. 

The method as claimed in Claim 1- wherein the steps 
are repeated until all quotient digits have been 
determined^i 

6. The method as claimed in Claim 1^ >^^ one re- 
sult digit is processed, iJi a first pass for the 
lower, and, if necessary, in a second pass for the 
higher, half; of said most significant byte. 

7. Apparatus for per formijag, division wherein a digit 
value multiplied by a^ denominator value is less 
than or equal to a nrmerator or intermediate re- 
sult, comprising: 

generating means (3) for. generating a table of 
multiples for a plurality of denominator values; 
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means (11) for storing the multiples generated by 
said generating means; 

an associative memory array (21); 

means for stbririg the most significant byte of 
the numerator in the associative array; 

means for sequentially comparing the most signifi- 
cant byte of the numerator with each entry in the 
associative array to find a selected entry which 
is less than or equal to the most significant byte 
of the nuanerator, the address of the selected 
entry comprising a distinctive flag associated 
with the entry; 

means for detecting the last flag to be set on 
in said array; 

means (23) responsive to said flag for selectively 
addressing said table of multiples for the corres- 
ponding multiple; 

means (5) for left-shifting the numerator; 

subtracting means (3) for subtracting the selected 
multiple from the said left-shifted nxamerator; 

and means (51, 53) for storing the result of said 
subtraction i 

Apparatus as claimed in Claim 7 wherein the means 
for storing said multiples is a read/write storage 
array. 



980 007 



V- 



0075745 

- 16 - 

9. Apparatus as claimed in Claim 8 wherein the read/ 
write array and the associative array are loaded 
simultaneously with said multiples. 

5 10. Apparatus as claimed in Claim 8 wherein the most 
significant byte of the jiwtierator is stored in a 
register (27) connected to the associative array 
for comparison with the multiples of the denomi- 
nator. 
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FIG. 1 



NO-UNDERFLOW 



X8 FLAG=0 



X8 FLAG = 1 



DIGIT PUT. 
PROCEED TO NEXT 
ITERATION 



SET X8 LATCH. 
FORCE SECOND PASS. 
X8 LATCH BECOMES 
PART OF DIGIT OUT. 
PROCEED TO NEXT 
jJJERATION. 



UNDERFLOW 



DECREMENT DIGIT 
OUT AND STORE. 
ADD XI MULTIPLE 
TO NUMERATOR AND 
PROCEED TO NEXT 
ITERATION. 



DECREMENT DIGIT 
OUT AND STORE. , 
ADD XI MULTIPLE I 
TO NUMERATOR AND I 
PROCEED TO NEXT 
ITERATION. ^ 



FIG. 2 



0075745 



2/2 



+LOA0/ 
-DIVIDE 




FIG. 3 
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